








TABLE 5-9. CANCER DATA SHEET FOR DERIVATION OF POTENCY OF DIELDRIN
FROM TUMOR INCIDENCE IN MICE

Compound: dieldrin
Spec'es, strain, sex: mouse, CF-l, male
Body weight: 0.030 kg (assumed)
Length of experiment: 128 weeks
Length of exposure: 128 weeks
Tumor site and type: liver
Route, vehicle: oral, diet
Human potency: 15 per mg/kg/day

Experimental Average daily Human equivalent Tumor
dose (ppm) dose (mg/kg/day) dose (mg/kg/day) incidence

0 0 0 9/78

1.25 0.16 0.012 6/30

2.5 0.33 0.025 13/30

5 0.65 0.049 26/30

10 1.30 0.098 5111

20 2.60 0.196 12117

SOURCE: Walker et al., 1972.
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TABLE 5-10. CANCER DATA SHEET FOR DERIVATION OF POTENCY OF DIELDRIN
FROM TUMOR INCIDENCE IN MICE

Compound: d1eldr1n
Spec1es. stra1n. sex: mouse. CF-l. female
Body we1ght: 0.030 kg (assumed)
length of exper1ment: 128 weeks
Length of exposure: 128 weeks
Tumor s1te and type: l1ver
Route. veh1cle: oral. d1et
Human potency: 7.1 per mg/kg/day

Exper1mental Average da11y Human equ1valent Tumor
dose (ppm) dose (mg/kg/day) dose (mg/kg/day) 1nc1dence

0 0 0 8/78

1.25 0.16 0.012 5/30

2.5 0.33 0.025 12/28·

5 0.65 0.049 18/30

10 1.30 0.098 9/11

20 2.60 0.196 8/21

SOURCE: Walker et al.. 1972.
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TABLE 5-11. CANCER DATA SHEET FOR DERIVATION OF POTENCY OF DIELDRIN
FROM TUMOR INCIDENCE IN MICE

Compound: d1eldrln
Specles, straln. sex: mouse. CF-l. male
Body welght: 0.030 kg (assumed)
length of experlment: 110 weeks
length of exposure: 110 weeks
Tumor site and type: liver
Route. veh1cle: oral. d1et
Human potency: 55 per mg/kg/day

Exper1mental
dose (ppm)

o
10

Average dally
dose (mg/kg/day)

o
1.30

Human equlvalent
dose (mg/kg/day}a

o

0.098

Tumor
1nc1dencea

11/45

30/30

aTo calculate human potency. a tumor incidence of 29/30 was used and the
dose was adjusted to 29/30 of the above value.

SOURCE: Thorpe and Walker. 1973.
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TABLE 5-12. CANCER DATA SHEET FOR DERIVATION OF POTENCY OF DIELDRIN
FROM TUMOR INCIDENCE IN MICE

Compound: dieldrin
Spec'es, stra'n, sex: mouse,'CF-l, female
Body weight: 0.030 kg (assumed)
length of experiment: 110 weeks
Length of exposure: 110 weeks
Tumor s,te and type: liver
Route. vehicle: oral. diet
Human potency: 26 per mg/kg/day

Experimental
dose (ppm)

o
10

Average daily
dose (mg/kg/day)

o
1.30

Human equ'valent
dose (mg/kg/day)

o
0.104

Tumor
incidence

10144

26/30

SOURCE: Thorpe and Walker. 1973.
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TABLE 5-13. CANCER DATA SHEET FOR DERIVATION OF POTENCY OF DIELDRIN
FROM TUMOR INCIDENCE IN MICE

Compound: techn1cal-grade d1eldr1n
Spec1es. stra1n. sex: m1ce. B6C3Fl. male
Body we1ght: 0.030 kg (assumed)
Length of exper1ment: 93 weeks'
Length of exposure: 80 weeks
Tumor s1te and type: l1ver. carc1noma
Route. veh1cle: oral. d1et
Human potency: 9.8 per mg/kg/day

Inc1dence
Exper1mental Transformed Human equ1valent No. respond1ng/
dose (ppm) dose (mg/kg/day) dose (mg/kg/day)a No. exam1ned

0 0 0 17/92

2.5 0.325 0.026 12150

5 0.65 0.052 16/45

aHuman equ1valent doses were mult1p11ed by 80/93 to reflect exposure less
than the durat10n of the exper1ment.

SOURCE: NCI. 1978a.
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TABLE 5-14. CANCER DATA SHEET fOR DERIVATION OF POTENCY OF DIELDRIN
FROM TUMOR INCIDENCE IN MICE

Compound: D1eldr1n
Spec1es. stra1n. sex: mouse. CF-l. male
Body we1ght: 0.030 kg (assumed)
Length of exper1ment: 110 weeks
Length of exposure: 110 weeks
Tumor s1te and type: l1ver
Route. veh1cle: oral. d1et
Human potency: 18 per mg/kg/day

Exper1mental
dose (ppm)

o

10

Average dany
dose (mg/kg/day)

o

1.30

Human equ1valent
dose (mg/kg/day)

o
0.104

Tumor
1nc1dence

25/252

113/139

SOURCE: Tennekes et al •• 1981.
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TABLE 5-15. CANCER DATA SHEET FOR DERIVATION OF POTENCY OF DIELDRIN
PROM TUMOR INCIDENCE IN MICE

Compound: dieldrin
Species. strain. sex: mouse, C57Bl/6J, male
Body weight: 0.030 kg (assumed)
length of experiment: 132 weeks
Length of exposure: 85 weeks
Tumor site and type: liver. hepatocellular carcinoma
Route. vehicle: oral. diet
Human potency: 7.4 per mg/kg/day

Experimental
dose (ppm)

o

10

Average dally
dose (mg/kg/day)

o
1.30

Human equivalent
dose (mg/kg/day)a

o

0.104

Tumor
incidence

0/69

21/71

aHuman equivalent doses were multiplied by 85/132 to reflect exposure less
than the duration of the experiment.

SOURCE: Meterhenry et al •• 1983.
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TABLE 5-16. CANCER DATA SHEET FOR DERIVATION OF POTENCY OF DIELDRIN
FROM TUMOR INCIDENCE IN MICE

Compound: dieldrin
Species, strain, sex: mouse, C3H/He, male
Body weight: 0.030 kg (assumed)
Length of experiment: 132 weeks
length of exposure: 85 weeks
Tumor sHe and type: liver, hepatocellular carcinoma
Route, veh1cle: oral, d1et
Human potency: 8.5 per mg/kg/day

Experimental
dose (ppm)

o

10

Average daily
dose (mg/kg/day)

o
1.30

Human equivalent
dose (mg/kg/day)a

o

0.104

Tumor
incidence

6/50

19/50

aHuman equivalent doses were multiplied by 85/132 to reflect exposure less
than the duration of the experiment.

SOURCE: Heierhenry et a1., 1983.
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TABLE 5-17. CANCER DATA SHEET FOR DERIVATION OF POTENCY OF DIELDRIN
FROM TUMOR INCIDENCE IN MICE

Compound: dieldrin
Species, strain, sex: mouse, B6C3Fl, male
Body weight: 0.030 kg (assumed)
Length of experiment: 132 weeks
Length of exposure: 85 weeks
Tumor site and type: liver, hepatocellular carcinoma
Route, vehicle: oral, diet
Human potency: 11 per mg/kg/day

Experimental
dose (ppm)

o

10

Average daily
dose (mg/kg/day)

o

1.30

Human equivalent
dose (mg/kg/day)a

o

0.104

Tumor
incidence

3/76

26/62

aHuman equivalent doses were multiplied by 85/132 to reflect exposure less
than the duration of the experiment.

SOURCE: Meierhenry et a1., 1983.
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a pollutant. With a linear dose-response curve, risks at any concentration can

be computed by multiplying theunifHsk by theOconC:entration. The unit risk

is computed by converting a 1 ~g/m3 concentration to a mg/kg/day dose and then
,,,; r ... ··,:

multiplying by the potency. For a 70-kg person who breathes 20 m3/day, an air

concentration of 1 ~g/m3 is equivalent to a dose of:

(1 ~g/m3) (10-3 mg/~g) (20 m3/day) / (70 kg) = 2.89 x 10~4 mg/kg/day.

Multiplying this dose by the potencies calculated above gives unit risks

of 4.9 x 10-3 per ~g/m3 and 6.6 x 10-3 per ~g/m3 for potencies of 17 and 23,

respectively.

The unit risk in water, which is the potency expressed in terms of ~g/L

drinking water concentration, is used to estimate risk when exposures are

expressed as water concentrations. The unit risk in water is the increased

cancer risk to a person who throughout life drinks water contaminated with 1

~g/L of a pollutant. With a linear dose-response curve, risks at any concen-

tration can be computed by multiplying the unit risk by the concentration. The

unit risk is computed by converting a 1 ~g/L concentration to a mg/kg/day dose

and then multiplying by the potency. For a 70-kg person who drinks 2 L/day, a

water concentration of 1 ug/L is equivalent to a dose of:

(1 ~g/L) (10-3 mg/~g) (2 L/day) / (70 kg) = 2.9 x 10-5 mg/kg/day.

Multiplying this dose by the potencies calculated above gives unit risks

of 4.9 x 10-4 per ~g/L and 6.6 x 10-4 per ~g/L for potencies of 17 and 23,

respectively.
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5.4.2. Dieldrin

Thirteen data sets are suitable for quantitative risk estimation. The most

sensitive sex and strain tested is male CF1 mice in the Thorpe and Walker (1973)

study. From these data the potency can be estimated at 55 per mg/kg/day.

The most sensitive species tested is mice. There are 13 potency

estimates, ranging from 55 down to 7 per mg/kg/day, with a geometric mean of

16 per mg/kg/day. Therefore the potency for the general population is

estimated at 16 per mg/kg/day.

These estimates are plausible upper bounds for the increased cancer

risk from dieldrin, meaning that the true risk is not likely to exceed these

estimates and may be lower.

The molecular potency index for dieldrin is 6.1 x 103 per mmol/kg/day.

This places dieldrin in the most potent quartile of suspect carcinogens ranked

by the CAG.

The potency estimates yield unit risks in air of 4.6 x 10-3 per

pg/m3 and 1.6 x 10-2 per pg/m3• The unit risks in water are 4.6 x 10-4 per

pg/L and 1.6 x 10-3 per pg/L.

5-24



6. REFERENCES

Baldwin, M.K.; Robinson, J.; Park, D.V. (1972) A comparison of the metabolism
of HEaD (dieldrin) in the CF-1 mouse with that in the CFE rat. Food
Cosmet. Toxicol. 10:333.

Ball, W.L.; Kay, K.; Sinclair, ,].w.
" I. Growth and estrus,in rats.

(1953) Observation on toxicity of aldrin.
Arch. Ind. Hyg". Occup. Med. 7:.292-300.

Bann. J.M.; DeCino. T.J.; Earle. N.W.; Sun. Y.P. (1956) The rate of aldrin
and dieldrin in the animal body. J. Agric. Food Chern. 4:937-941.

Barquet, A.; Morgade, C.; Pfaffenberger. C.D. (1981) Determination of organo
chlorine pesticides and metabolites in drinking water. human blood serum,
and adipose tissue. J. Toxicol. Environ. Health 7:469-479.

Barron, R.L.; Walton, M.S. (1971) Dynamics of HEaD (dieldrin) in adipose
tissue of the rat. Toxicol. Appl. Pharmacol. 1~:958~

Bedford, C.T.; Hutson, D.H. (1975) The comparative metabolism in rodents of
the isomeric insecticides dieldrin and endrin. Chern. Ind. 10:440.

Benitz, K.F.; Roth, R.N.; Coulston, F.• (1977) Morphologic characteristics of
hepatic nodules induced by ~irex and dieldrin. Toxicol. Appl. Pharmocol~

41:154-155.

Beyermann, K.; Eckri ch. W. (1973) Gas-chromatograph.i sche Best immung von
Insecticid-Spuren in Luft. Z. Anal. Chern. 265:4-7.

Borgmann, A.R.; Kitselman, C.H.; Dahm, P.A.; Pankaskie, J.E.; Dutra, F.R.
(1952) Toxicological studies of aldrin on small laboratory animals.
Unpublished report of Kansas State College. July, 34 pp.

Boucard, M.; Beaulaton, I.S.; Mestre, S.R.; Allieu, M. (1970) Etude experi
mentale de la teratogenese: influence de la periode et de la duree du
traitment. Therapie 25:907-913.

Bragt et al. (1984) As cited in U.S. Environmental Protection Agency Special
Data Call-in on Aldrin Termiticide, Data Packet on Metabolism. July 27,
1984.

Brooks, G.T.; Harrison, A. (1966) Metabolism of aldrin and dihydroaldrinby
houseflies (M. domestica L.) in vivo and by housefly and pig liver micro
somes. Life-·-SCl. 5:2315-2320-.---

Burchfield, J.L.; Duffy, F.H.; Sim, V.M. (1976) Persistent effects of sarin
and dieldrin upon the primate electroencephalogram. Toxicol. Appl.
Pharmacol.35:365-379.

Cabral, J.R.P.; Hall, R.K.; Bronczyk, S.A.; Shubik, P.
icity study of the pesticide dieldrin in hamsters.

6-1

(1979) A carcinogen
Cancer Lett. 6:241-246.



Chemical economics handbook. (1985) Menlo .Park, CA: ,SRI International,
Section 638.5030K.

Chernoff, N.; Kavlock, R.J.; Katherin, J.R.; Dunn, J.M.; Haseman, J.K. (1975)
Prenatal effects of dieldrin and photodieldrin in mice and rats. Toxicol.
Appl. Pharmacol. 31:302-308.

Chipman, J.K.; Walker, C.H. (1979) The metabolism of dieldrin and two of its
analogues: the relationship between rates of microsomal metabolism and
rates of excretion of metabolites in the male rat. Biochem. Pharmacol.
28:1337-1345.

Chu, K.C.; Cueto, C. Jr.; Ward, J.M. (1981) Factors in the evaluation of 200
National Cancer Institute carcinogen bioassays. J. Toxicol. Environ.
Health 8:251-280.

Cleveland, F.P. (1966) A summary of work on aldrin and dieldrin toxicity at
the Kettering Laboratory. Arch. Environ. Health 13:195.

Cole, J.F.; Klevay, L.M.; Zavon, M.R. (1970) Endrin and dieldrin: a compari
son of hepatic excretion in the rats. Toxicol. Appl. Pharmacal. 16:547.

Cueto, C., Jr.; Hayes, W.J., Jr. (1962) The detection of dieldrin metabolites
in human urine. J. Agric. Food Chern. 10:366-369.

Cueto, C., Jr.; Biros, F.J. (1967) Chlorinated insecticides and related
material in human urine. Toxicol. Appl. Pharmacal. 10:261.

Davies, M.W.; Keysell, G.R. (1983) Sex differences in the metabolism of aldrin
by rat liver preparations. J. Pharm. Pharmacol. 35(Suppl.):82.

Davis, K.J. (1965) Pathology report on mice fed aldrin, dieldrin, heptachlor
or heptachlor expoxide for two years. Internal FDA memorandum to Dr. A.J.
Lehrman, July 19, 1965•.

Davis, K.J.; Fitzhugh, O.G. (1962) Tumorigenic potential of aldrin and diel
drin for mice. Toxicol. Appl. Pharmacal. 4:187-189.

Davison, K.L. (1973) Dieldrin-14C balance in rats, sheep, and chickens. Bull.
Environ. Contam. Toxicol. 10:16-24.

Deichmann, W.B. (1972) Toxicology of DOT and related chlorinated hydrocarbon
pesticides. J. Occup. Med. 14:285-292.

Deichmann, W.B. (1973) Progress report on the lifetime feeding studies with
Swiss-Webster mice for diets supplemented with 0, 3, and 10 ppm dieldrin
(prepared for the U.S. EPA and Shell International Research, The Hague,
September 21, 1973).

Deichmann, W.B. (1974) Statement of testimony for aldrin/dieldrin hearings
suspension phase, before the U.S. Environmental Protection Agency, August
23, 1974.

6-2



Deichmann, W.B.; Keplinger, M.; Sala, F.; Glass, E.. (1967) Synergism among
oral carcinogens in the simultaneous feeding of four tumorigens to rats.
Toxicol. Appl. Pharmacol. 11:88-103.

Deichmann, W.B.; Dressler; I.; Keplinger, M.; MacDonald, W.E. (1968) Reten
tion of dieldrin in blood, liver, and fate of rats fed dieldrin for six
months. Ind. Med. Surge 37:837-840.

Diechmann, W.B.; Kiplinger, M.; Dressler, I.; Sala, F. (1969) Retention of
dieldrin and DDT in the tissue of dogs fed aldrin and DDT individually
dnd as mixture. Toxicol. Appl. Pharmacol. 14:205-213.·

Deichmann, W.8.; MacDonald, W.E.; Blum, E.; Bevilacqua, M.; Radomski, J.;
Keplinger, M.; Balkus, M. (1970) Tumorigenicity of aldrin, dieldrin and
endrin in the albino rat. Ind. Med. Surge 39:426-434.

Deichmann, W.B.; MacDonald, W.E.; Beasley, A.G.; Cubit, D.
reproduction in beagle dogs induced by DDT and aldrin.
40:10-20.

(1971) Subnormal
Ind. Med. Su rg •

Oeichmann, W.B.; MacDonald, W.E.; Cubit,D.A. (1975) Dieldrin and DDT in the
tissues of mice fed aldrin and DDT for seven generations. Arch. Toxicol.
34:173-182.

Ditraglia, D.; Brown, D.P.; Namekata, T.; Iverson, N. (1981) Mortality study
of workers employed at organochlorine pesticide manufacturing plants.
Scand. J. Work Environ. Health 7:140-146 (Suppl. 4).

Dix, K.M.; Vanderpill1w, C.L.; McCarthy, W.V. (1977) Toxicity studies with
dieldrin: teratological studies in mice dosed orally with HEOD. Tera
tology 16:57-62.

Domanski, J.J., et ale (1977) Relation between smoking and levels of DDT and
dieldrin in human fat. Arch. Environ. Health 32:196.

Eckenhausen, F.W.; Bennet, D.; Beynon, K.I.; Elgar, K.E. (198l) Organochlorine
pesticide concentrations in perinatal samples from mothers and babies.
Arch. Environ. Health 36:81-92.

Epstein,S.S. (1975) The carcinogenicity of dieldrin. Part I. Sci. Total
Environ. 4:1-52.

Epstein, 5.5. (1976) Case-study 5: aldrin and dieldrin suspension based on
experimental evidence and evaluation and societal need. Ann. N.Y. Acad.
Sci. 271:187.

Farb, R.M.; Sanderson, T.; Moore, B.G.; Hayes, A.W. (1973) Interaction: the
effect of selected mycotoxins on the tissue distribution and retention of
aldrin and dieldrin in the neonatal rat. Presented at the 8th Inter
America Conference on Toxicology and Occupational Medicine.

Fears, T. (1974) Exhibit 52, Testimony at hearing on aldrin/dieldrin. (Cited
in Epstein, 1975~)

6-3



Feldmann, R.J.; Maibach, H.I. (1974)
pesticides and herbicides in man.

Percutaneous penetration of some
Toxicol. Appl. Pharmacol. 28:126-132.

Fitzhugh, O.G.; Nelson, A.A.; Quaife, M.L.
aldrin and dieldrin in rats and dogs.

(1964) Chronic oral toxicity of
Food Cosmet. Toxicol. 2:551-562.

Garrettson, L.K.; Curley, A. (1968) Dieldrin studies in a poisoned child.
Arch. Environ. Health 19:814-272. '

Good, E.E.; Ware, G.W.
laboratory mouse.
14:201-203.

(1969) Effects of insecticides on reproduction in the
IV. Endrin and dieldrin. Toxicol. Appl. Pharmacol.

Griesemer, R.A.; Cueto, C. Jr. (1980) Toward a classification scheme for
degrees of experimental evidence for the carcinogenicity of chemicals for
animals. Molecular and cellular aspects of carcinogen screening tests.
IARC Scientific Publications No. 27. International Agency for Research
on Cancer, Lyon, France.

Gupta, P.C. (1975) Neurotoxicity of chronic chlorinated hydrocarbon insecti
cide poisoning--a clinical and electro-encephalographic study in man.
Indian J. Med. Res. 63:601-605.

Hamilton, H.E.; Morgan, D.P.; Simmons, A. (1978) A pesticide (dieldrin)
induced i~nunohemolytic anemia. Environ. Res. 17:155-164.

Harr, J.R.; Claeys, R.; Bone, J.F.; McCorcle, T.W. (1970) Dieldrin toxicosis:
rat reproduction. Am. J. Vet. Res. 31:181-189.

Harris, R.H., et ale (1977) Carcinogenic hazards of organic chemicals in
drinking water. In: Hiatt et al., eds. Origins of human cancer. New
York: Cold Spring Harbor Laboratory, p. 309.

Hawley, G.G. (1981) The condensed chemical dictionary, 10th ed. New York:
Van Nostrand Reinhold Co., p. 433.

Hayes, W.J., Jr. (1971) Toxicology of pesticides. Baltimore, MD: Williams &
Wilkins Co.

Hayes, W.J., Jr. (1974) Distribution of dieldrin following a single oral
dose. Toxicol. Appl. Pharmacol. 28:485-492.

Hayes, W.J., Jr. (1975) Toxicology of pesticides. Baltimore, MD: Williams &
Wilkins Co., pp. 327-370.

Hayes, W.J., Jr. (1982) Pesticides studied in man. Baltimore, MD: Williams &
Wilkins Co., pp. 234-247.

Hazardous Substances Technical Data Bank (HSDB). Data base. (1985) Bethesda,
MD: National Library of Medicine, U.S. Department of Health and Human
Services.

6-4



Heath, D.F.; Vandekar,M. (1964) Toxicity and metabolism of dieldrin in rats.
Br. J. Ind. Med. 21 :269,:".279,~ ...;

Hodge, H.C.; Boyce, A.M.; Deichmann. W.B.; Kraybill, H.F. (1967) Toxicology
and no-effect levels of aldrin and dieldrin. Toxicol. Appl. Pharmacol.
10:613-675.

Hoogendam, I.; Versteeg, J.P.J.; DeVlieger, M•. (1962) Electroencephalograms
in insecticide toxicity. Arch. Environ. Health 4:92-100.

Hunter, C.G.; Robinson, J. (1967) Pharmacodynamics of dieldrin (HEOD). 1.
Ingestion by human subjects for 18 months. Arch. Environ. Health 15:614
626.

Hunter, C.G.; Rosen, A.; Williams, R.T.; Reynolds, J.G~; Borden,A.N. (1960)
The fate of aldrin, dieldrin, and endrin in the mammal. Meded. Landbouw
hogesch. Opzoekingsstn. Staat Gent 25:1296-1307 (as cited in Soto and
Deichmann, 1967).

Hunter, C.G.; Robinson, J.; Roberts, M.(1969) Pharmacodynamics of dieldrin
(HEOD) ingestion by human subjects for 18 to 24 months, and postexposure
for 8 months. Arch. Environ. Health 18:12-21.

Hutson, D.H. (1976) Comparative metabolism of dieldrin in the rat (CFE) and
in two strains of mouse (CF-1 and LACG). Food Cosmet. Toxicol. 14:577-591.

Iatropoulos, M.J.; Milling, A.; Muller, W.F.; Nohynek, G.; Rozman, K.; Coulston,
F.; Korte F. (1975) Absorption, transport and organotropism of dichloro
biphenyl (DCB), dieldrin, and hexachlorobenzene (HCB) in rats. Environ •.
Res. 10:384-389.

International Agency for Research on Cancer (IARC). (1974a) IARC monographs
on the evaluation of the carcinogenic risk of chemicals to humans: aldrin.
Vol. 5. Lyon, France: IARC, pp. 25-38.

International Agency for Research on Cancer (IARC). (1974b) IARC monographs
on the evaluation of the carcinogenic risk of chemicals to humans:
dieldrin. Vol. 5. Lyon, France: IARC, pp. 125-156.

International Agency for Research on Cancer ClARC). (1974c) IARC monographs
on the evaluation of the carcinogenic risk of chemicals to humans: endrin.
Vol. 5. lyon, France: IARC, pp. 157-171.

International Agency for Research on Cancer (IARC). (1979a) IARC monographs
on the evaluation of the carcinogenic risk of chemicals to humans:
chlordane. Vol. 20. Lyon, France: IARC, pp. 45-65 •.

International Agency for Research on Cancer (IARC). (1979b) IARe monographs
on the evaluation of the carcinogenic risk of chemicals to humans:
heptachlor and heptachlor epoxide. Vol. 20. Lyon, France: IARC,
pp. 129-154.

6-5



Jager, K.W. (1970) Aldrin, dieldrin, endrin and telodrin: an epidemiological
and toxicological study of long-term occupational exposure. New York:
Elsevier Pub. Co., pp. 121-131.

Keane, W.T.; Zavon, M.R. (1969) The validity of a critical blood level for
the prevention of dieldrin intoxication. Arch. Environ. Health 19(1)36-44.

Klein, A.K.; Link, J.D. and Ives. N.F. (1968) Isolation and purification of
metabolites found in the urine of male rats fed aldrin and dieldrin. J.
Assoc. Anal. Chern. 51:895-8g8.

Klevay, L.M. (1970) Dieldrin excretion by the isolated perfused rat liver: a
sexual difference. Toxico1. App1. Pharmaco1. 17:813-815.

Korte, F.; Arent, H. {1965) Metabolism of insecticides. IX(I). Isolation
and identification of dieldrin Inetabolites from urine of rabbits after oral
administrdtion of ~ie1drin-14C. Life Sci. 4:2017-2026.

Lay, J.R.; Malik, J.K.; Klein, l~.; Korte, F. (l982) Effects of dosing drld
"'i)I.li;f~') :.If ddministration on excretion and metabolism of carbon-14-1abeled
dieldrin in rats. Chemosphere 11:1231-1242.

Levi, P.E.; Horlgson, E. (1985) Oxidation of pesticides by purified cytochrome
P-450 isozymes from mouse liver. Toxicol. Lett. 24:221-228.

Ludwig, W.; Weis, J.; Korte, F. (1964) Excretion and distribution of a1drin-14C
and its metabolites after oral administration for a long period of time.
Life Sci. 3:123-130.

MacDonald, W.E.; Anderson, W.A.D.; Bevilacqua, M.; Blum, E.; Deichmann, W.B.
(1972) The tumorigenicity of dieldrin in the Swiss-Webster mouse (as
cited in Epstein, 1975).

MacKay, D.; Wolkoff, A.W. (1973) Rate of evaporation of low-solubility con
taminants from water bOdies to atmosphere. Environ. Sci. Technol. 7:611.

Matthews, H.B.; Matsumura, F. (1969) Metabolic fate of dieldrin in the rat.
J. Agric. Food Chern. 17:845-852.

Matthews, H.B.; McKinney, J.D. (1974) Dieldrin metabolism to cis-dihydro
aldrindiol and epimerization of cis- to trarls-dihydroa1drindio1 by rat
liver microsomes. Drug Metab. Dispos. 2:333-340.

Matthews, H.B.; McKinney, J.D.; Lucier, G.W. (1971)
excretion and storage in male and female rats.
19:1244-1248.

Dieldrin metabolism,
J. Agric. Food Chern.

McMannus, M.E.; Boobis, A.R.; Minchin, R.F.; Schwartz, D.M.; Murray, S.;
Davies, D.S.; Thorgeirsson, 5.5. (1984) Relationship between oxidative
metabolism of 2-acetylaminofluorine, dibrisoquine, and aldrin in human
liver microsomes. Cancer Res. 44:5692-5697.

6-6



Mehendale, H.M.; El-BassiouniTL4\~ (1975),:,Uptake and disposition of aldrin.
and dieldrin by isolated perfused rabbit lung. Drug Metab. Dispos. 3:543
556.

Meierhenry, LF.; Reuber, B.H.; Gershwin, M.L; Hsieh, L.S.; French, S.W.
(1983) Dieldrin-induced mallory bodies in hepatic tumors of mice of dif
ferent strains. Hepatology 3:90-95.

Moriarty, F. (1975) Organochlorine insecticides: persistent organic pollu
tants. New York: Academic Press, PP. 29-72.

Muller, W.; Nohynek, G.; Woods, G. 4" Korte, F.; Coulston, F. (1975) Compara
tive metabolism of dieldrin-1 C in mouse, rat, rabbit, rhesus monkey and
chimpanzee. Chemosphere 2:8~-92.

Muller, W.; Nohynek. G.; Korte, F.; Coulston, F. (1979) [Absorption, body
distribution, metabolism and excretion of dieldrin in nonhuman primates
and other laboratory animals.] Z. Naturforsch May-June 34C(5-6):340-345.

National Cancer Institute (NCI). (1978a) Bioassay of aldrin and dieldrin for
possible carcinogenicity. DHEWPublication No. (NIH) 78-821. Carcino
genesis Technical Report Series No. 21.

National Cancer Institute (NCI). (1978b) Bioassay of aldrin and dieldrin for
possible carcinogenicity. DHEW Publication No. (NIH) 78-822. Carcino
genesis Technical Report Series No. 22.

National Toxicology Program (NTP). (1~85a) Report of the Ad Hoc Panel on
Chemical Carcinogenesis Testing and Evaluation. Research Triangle Park,
NC, p. 280.

National Toxicology Program (NTP). (l985b) Bioassay of chlorendic acid Jor
possible carcinogenicity. DHEW Publication No. (NIH) 85-2560. Carcino
genesis Technical Report Series No. 304.

Ottolenghi, A.D.; Haseman, J.K.; Suggs, F. (1974) Teratogenic effects of
aldrin, dieldrin and endrin in hamsters and mice. Teratology 9:11-16.

Ozoukwa, M.; Sleight, S.D. (1972) Dieldrin tOKicosis: fetotoxicosis, tissue
concentrations and microscopic and ultrascopic changes in guinea pigs.
Am. J. Vet. Res. 33:579-583.

Princi, F. (1954) Toxicity of the chlorinated hydrocarbon insecticides. In:
Atti dell'xi Congo Int. Med. Labor. pp.253-272.

Quaife, M.L.; Winbush, J.S.; Fitzhugh, O.G. (1967) Survey of quantitative
relationships between ingestion and storage of aldrin and dieldrin in
animals and man~ Food Cosmet. Toxicol. 5:39-50.

Registry of toxic effects of chemical substances (RTECS). (l985) Data base.
Cincinnati, OH: National Institute for Occupational Safety and Health.

6-7



Reuber, M.D. (1974) Exhibit 42, Testimony at hearings on aldrin/dieldrin.
(as cited in Epstein, 1975)

Reuber, M.D. (1977) Hepatic vein thrombosis in mice ingesting chlorinated
hydrocarbons. Arch. Toxicol. 38:163-168.

Reuber, M.D. (1980) Significance of acute and chronic renal disease in
Osborne-Mendel rats ingesting dieldrin or aldrin. Clin. Toxicol. 17:159
170.

Robinson, J.; Roberts, M.; Baldwin, M.; Walker, A.LT. (1969) The pharmaco
kinetics of HEOD (dieldrin) in the rat. Food Cosmet. Toxicol. 7:317-332.

Shakoori, A.R.; Rasul, V.G.; Syed, S.A. (1982) Effect of dieldrin feeding for
six months on albino rats. Biochemical and histological changes in liver.
Pakistan J. Zool. 14:191-204.

Singh, K.K.; Jha, G.J. (1982) Bone growth during chronic aldrin intoxication
in goats. Res. Vet. Sci. 32:282-288.

Song, J.; Harville, W.E. (1964) Carcinogenicity of aldrin and dieldrin in
mouse and rat liver. Fed. Proc. Fed. Am. Soc. Exp. Biol. 23:336.

Soto, A.R.; Deichmann, W.B. (1967) Major metabolism and acute toxicity of
aldrin, dieldrin, and endrin. Environ. Res. 1:307-322.

Spiotti, E.J. (1951) Aldrin poisoning in man. Arch. Ind. Hyg. Occup. Med.
4:560-566.

Stacey, C.I.; Tatum, T. (1985) House treatment with organochlorine pesti
cides and their levels in human milk - Perth, Western Australia. Contam.
Toxicol. 35(2):202-208. Bull. Environ. Health 40(2):102-108.

Stevenson, D.E.; Thorpe, E.; Hunt, P.F.; Walker, A.I.T. (1976) The toxic
effects of dieldrin in rats: re-evaluation of data obtained in a two-year
feeding study. Toxicol. Appl. Pharmacal. 36:247-254.

Sundaram, K.S.; Damodaran, V.N.; Venkitasubramanian, LA. (1978a) Absorption
of dieldrin through monkey and dog skin. Indian J. Exp. Biol. 16:101-103.

Sundaram, K.S.; Damodaran, V.N.; Venkitasubramanian, T.A. (1978b) Absorption
of dieldrin through skin. Indian J. Exp. Biol. 16:1004-1007.

Tanaka, R.; Fujisawa, S.; Nakai, K. (1981) Study on the absorption and pro
tein binding of carbaryl, dieldrin and paraquat in rats on a protein diet.
J. Toxicol. Sci. 6:1-11.

Tanaka, R.; Fujisawa, S.; Nakai, K.; Minagawa. K. (1980) Distribution and
biliary excretion of carbaryl, dieldrin and paraquat in rats: effects on
diets. J. Toxicol. Sci. 5:151-162.

6-8



Tennekes, H.A.; Wright, A.S.; Dix, K.M. (1979) The effects of dieldrin, diet,
and other environmental. components on'enzyme function and tumor incidence
in livers of CF-l mice. Arch. Toxicol. ~2:197-212. .

Tennekes, H.A.; Wright, A.S.; Dix, K.M,; Koeman, J.H. (1981) Effects of diel'
drin, diet, and bedding on enzyme function and tumor incidence in livers
of male CF-lmice~ Cancer Res. 41:3615-3620.

Tennekes, H.A.; Edler, L.; Kunz, H.W. (1982) Dose-response analysis of the
enhancement of liver tumor formation in CF-l mice by dieldrin. Carcino
genesis 3:941-945.

Thorpe, E.; Walker,A.I.T. (1973) The toxicology of dieldrin (HEOD). Part II.
Comparative long-term oral toxicology studies in mice with dieldrin, DDT,
phenobarbitone, beta-BHC and gamma-BHC. Food Cosmet. Toxicol. 11:433-441.

Treon, J.F. and Cleveland, F.P. (1955) Toxicity of certain chlorinated hydro
carbon insecticides for laboratory animals, with special reference to
aldrin and dieldrin. Agric. Food Chern. 3:402-408.

U.S. Environmental Protection Agency (U.S. EPA).· (1976) National interim
primary drinking water regulations. EPA-570/9-76-003.

U.S. Environmental Protection Agency (U.S. EPA).
ity criteria document for aldrin/dieldrin.
117301. Office of Health and Environmental
Criteria and Assessment Office, Cincinnati,

(1980) Ambient water qual
EPA-440/5-80-019. NTIS PB81
Assessment, Enviromnental
OH.

U. S. Envi ronmental Protecti on Agency (U.S. EPA). (1984) Health assessment
document for hexachlorocyclopentadiene. EPA-600/8-84-001F. NTIS PB85'
124915. Office of Health and Environmental Assessment, Environmental
Criteria and Assessment Office, Cincinnati, OH.

u.S. Environmental Protection Agency (U.S. EPA). (1985) National Human
Adipose Tissue Survey. Data base.

u.S. Environmental Protection Agency (U.S. EPA). (1986) Guidelines for
carcinogen risk assessment. Federal Register 51(185):33992-34003.

Van Raalte, H.G.S. (1977) Human experience with dieldrin in perspective.
Ecotox. Environ. Safety 1:203.

Versteeg, J.P.J.; Jager, K.W. (1973) Long-term occupational exposure to the
insecticides aldrin, dieldrin, endrin, and telodrin. Br. J. Ind. Med.
30: 201.

Walker, A.I.T.; Stevenson, D.E.; Robinson, J.; Thorpe, E.; Roberts, M. (1969)
The toxicology and pharmacodynamics of dieldrin (HEOD): Two-year oral
exposures of rats and dogs. Toxicol. Appl. Pharmacol. 15:345-373.

Walker, A.I.T.; Thorpe, E.; Stevenson, D.E. (1972) The toxicology of dieldrin
(HEOD). Long-term oral toxicity studies in mice. Food Cosmet. Toxicol.
11:415-432.

6-9



Weaver, L., et ale (1965) Chlorinated hydrocarbon pesticides in major u.s.
river basins. Public Health Rep. 80:481.

Winteringham, F.P.W.; Barnes, J.M. (1955) Comparative response of insects and
mammals to certain halogenated hydrocarbons used as insecticides. Physiol.
Rev. 35:701-739.

Wolff, T.; Grein, H.; Huang, M-T.; Miwa, G.T.; Lu, Y.H. (1980) Aldrin epox
idation catalyzed by purified rat-liver cytochromes P-450 and P-448. Eur.
J. Biochem. 111:545-551.

Wright, A.S.; Donninger, C.; Greenland, R.D.; Stemmer, K.L.; Zavon, M.R. (1978)
The effects of prolonged ingestion of dieldrin on the livers of male
rhesus monkeys. Ecotoxicol. Environ. Safety 1:477-502.

Wurster, C.F. (1971) Aldrin and dieldrin. Environment 13:33.

Zavon, M.R.; Stemmer, K.L. (1975) The effect of dieldrin ingestion in rhesus
monkeys: a six-year study. University of Cincinnati, Kettering Labora
tory, Cincinnati, OH. Unpublished.

6-10



APPENDIX A

EPA: 68-02-4225
OYNAMAC No. 1-77-A4

June 25, 1986

DATA EVALUATION RECORD

TERMITICIDES--ALORIN
Mutagenicity--Multiple Genetic Toxicology Studies

STUDY IDENTIFICATION: Mutagenicity--Multiple genetic toxicology studies.

APPROVED BY:

I. Cecil Felkner, Ph.D.
Department Manager
Dynamac Corporation

A-t

Signature:

Date:



1. CHEMICAL: Aldrin.

2. TEST MATERIAL: N/A.

3. STUDY/ACTION TYPE: Mutagenicity-multiple genetic toxicology studies

4. STUDY IDENTIFICATION: N/A.

Signature:

Date:

5. REVIEWED BY:

Brenda Worthy. M.T.
Principal Reviewer
Dynamac Corporation

Nancy E. McCarroll, B.S.
Independent Reviewer
Dynamac Corporation

~·~·Zk~
& -,;(r--,.~ .;

Signature: ;:~7 2./A ~~J
Date: .;:;,t_-..;;.2-...;.~~' -....:~:.:••:.....-__

6. APPROVED BY:

t. Cecil Felkner, Ph.D.
Geneti, Toxicology
Technical Quality Control
Dynamac Corporation

Irving Mauer, Ph.D.
EPA Reviewer

EPA Section Head
Jane E. Harris, Ph.D.

A-2

Signature:

Date:

Signature:

Date:

Signature:

Date:

~~~J-~~
4-2-)-~ ~

2J1~ C (~ l tj'l~'
7-- 3-YG



I. INTRODUCTION

The purpose of this document is "to summarize from pUblished articles
the review findings of in. vitro and in vivo genetic toxicology
assays conducted with aldrin. Findings which were evaluated as part
of a screeni ng assay and reported 1imited primary data are presented
in Table 1. Although survey findings had insuffici~nt data to
evaluate assay acceptability, they offer useful informatiQn in the
overall genetic toxicology review of aldrin.

Table 2 contains the review findings of published primary data with
sufficient information to make an assessment of their acceptability.

The results of published articles reviewed on aldrin are discussed
according to· genetic effect categories; the data included in the
survey studies consisted of 7 gene mutation assays (Category 1), 1
chromosomal aberration assay (Category 2), and 2 assays that
assessed other mutageni c mechani sms (Category 3); the data from.
primary studies consisted of 3 chromosomal aberration assays
(Category 2) and 5 assays in Category 3.

II. SURVEY STUDIES:

A. Summary:

1. Gene Mutation (Category 1):

Aldrin was reported negative (Article No.1) using the plate
incorporation method with five strains of Salmonella
tvphimurium (TA1535, TA1537, TA153a, TA9a, and TA100) in the
presence or absence of rat S9 activation, at doses up to
5000 119/m1. Negati ve results were reported for the
concentration agar gradient assay (Article No.2) using ~.

typhimurium G46, C3076, 03052, TA1535, TA1537, TA1538, TA98,
and TA100 with or without rat S9 activation, over a 1-10,000
fold concentration range~ Nonactivated aldrin was also
negative for reverse mutation (omitted from list of positive
compounds) at 20 lAg/disc in ~. typhimurium strains TA1535,
TA1536, TA1537, and TA1538 (Article No.3).

Aldrin was investigated in four survey Escherichia coli
tryptophan reversions assays. Nonactivated and 59-activated
aldrin, assayed up to 5000 lAg/plate, did not increase
tryptophan reversion in £.. coli WP2 hcr (Article No.1).
Qualitative negative results were reported over a 1-10,000
fold nonactivated and S9-activated concentration range of
aldrin in the concentration agar gradient test with ~. coli
WP2 and WP2 uvrA (Article No.2). In two nonactivated spot
tests (Article Nos 3 and 4), 20 lAg and 1 mg/disc aldrin
were negative in ~. coli WP2 and WP2 hcr or~. coli WP2,
respectively.
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TABLE 1. St»!HARY O'F Hl:JIAG,EHICllY lE511HG OF ALO'RIH

Genetic
Artlc Ie/AllthorslSIludy Identl f1caUo,n Endpo1nt

Indicator
OrganfslI Pur1ty App lIcat Ion

D'ose
Range Resp,onse Conclus10n COIJllIenl

1 Further muhGlenlcHy studies on
pesticides 'In Ibacterial reversion
assay systems,/l1oriya, H., Ohta,
1., Watanabe, IlL, Hlyazawa, T.,
Kato, K., Shl:ll',asu, Y./Hutat. Res.
116: 185-216, ~9·83.

Gene
Mutation

~. !.liilll!- Not
murium reported
TAI00, TA9'8,
1A1535,
TA1537, and
TA1538
t· f..!ill
WP2 hcr

Sa llllOne11a Microsome
Plate Assay (Ames
Test) aAd ~. coli
WPZ hcr tryptophan
revers10n assay

Tested N,egative
up to
5000119/
plate
unless
cytotoxic;
+/- S9
activation

Negat1ve Preliminary screening
assay (228 pesticides)

~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -'- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 Chemically idl1duced unscheduled D'NA
syntheSis tn /illrhnary rat hepatocyte
cultures: Pi comparison with bac
terial mutagenicity us1ng 218 COlll
pounds/Probst. 6. S., McMahon, R.
E., Hill, l. E.• Thompson, C. Z.,
Epp, J. K., ,geal, S. 8./Environ.
Mutagen. 3: U-22, 1981.

Gene
Mutat10n

~. mhi-
/lIuriulll
646. C3076,
03052.
TA1535,
TA1537,
TA1538,
IM8, and
TAIOO

'E. coli
WP2 and
WP2 uvrA-

Not
reported

Concentration agar
gradient plate; +/
59 activation

1 
10,000
fold
cone.
range

Negative
not in
cluded in
tables
showing
positive
responses

Negative Preliminary screening
assay for, 218 COM
pounds of various
chemical classes

3 Mutagenicity screening of pesti
cides in the microbial system/
Shirasu, Y., Horiya, H., Kato, K.,
FurUhashi. A., Kada. T./Hutat.
Res. 40: 19-301. 1976.

Gene
Hutation

~. mhi-
murium
lA1535.
lA1536,
1A1537.
lA1538
E. coli
WP2 and
WP2 her

Not Disc lest Cells were 20 IIg/
reported exposed for 2 days disc

at 37 C -59 activa-
tion

Negative Negative
by omis-
sion from
list of
positive
results

Preliminary screen
ing assay of 166
pesticides

DNA .damage 8. subtills
H17(Rec f )
and M45
(ReC)

Disc Test Cells were
exposed for 24 hr at
37 C -59 activaton

20 IIg/ Negative Negative
disc, byomis-

s ion from
list of
positive
results

Preliminary screening
assay of 166 pesti
cides



TAOLE l~ SUMMARY OF MUTAGENICI1Y TESIING OF ALDRIN (Continued)

Genetic
Article/Authors/Study Identification Endpoint

4 Mutagenicity of Dichlorvos/ Gene
Ashwood-Smith, M. J., Trevino, J., Mutation
Ring, R./Nature 240: 410-420, 1912.

Indicator
Organism

E coli
WP-2-

Purity

Not
reported

Application

Disc Test Cells were
exposed for 48 hr at
37 C -59 activation

Dose
Range Response Conclusion

10% of Negative Negative
active
ingre-
dient
- lmg

COllment

Preliminary screening
assay of 15 pesticides

5 Mutagenicity testing of herbicides,
fungicides and insecticides. I.
Chromosome aberrations in Vicia
faba/Njagi, G. D. E., Gopalan, H.
N. B./Cytologia 46: 169-172, 1901.

»
I

U'1

Chromo
somal
aberra
tions

Root tip
ce lis of
Vic1a faba

401 The roots of intact
seedlings were treated
for - 5 hours.
Cells were collected
every 30 minutes
during treatment

10, 50,
100,
1000,
5000,
and
10,000
ppm

Positive
for:
mitotic
inhibi
tion,
pynosls,
premature
chromo
some con
dllOsation.
plasmoly
sis.
Reported
to be dose
related

Results Results are from
suggest anaphase cells. This
severe study was intended
cytotox- as a screening assay
icity; but of 12 pesticides
no assessment
for chromo-
soma1 aberra-
tions

6 In vitro breakage of plasmid
DNA by mutagens and pesticides/
Griffin, Ill, D. Eo. Hin,
W. E./Hutat. Res. 52: 161-169,
1970.

DNA damage [. coli .
coljc1no
genic
plasmid
El
(CoLEl )

Not
reported

[MeJH) thymine 1 mg/mL Negative
labelled cells were
exposed for an un-
specified time, lay-
ered on a alkaline
sucrose gradient on
which fraction analy-
sis was made to assess
DNA strand breakage.
-S9 activation

Negative Preliminary screening
assay for development
of a new procedure



Genetic
Artic le/Authors/Study IdentHicatioll Endpoint

Indicator
OrgallislI Purity Application

D,ose
Range- Response Conclusion COlIlIIIent

1 The cOIlIparathe cytogenetic ef
fects of aldrin and phosphamidon/
Georgian, l./Hutat. Res. 31:
103-108, 1915.

ChrOlOOsoll1al
aberratlon

Chromosoll1a1
aberration

"ulman peri- Hot
phera1 blood reported

Rat and mouse
bone marrow

Cells cultured for
50 hrs were exposed
for 22 hrs.

5 rats and 5 mice
received one ip dose;
sacrificed 24 hr
after dosing

19.125,
3B.25,
16.5
\lg/roL

9.56,
19.125,
3B.25,
16.50
\19/9

Positive
at lowest
dose;
however,
dose was
cytotoxic
(19.125)
pg/mt
All cells
died at
higher
doses

100 and
50% mor
ta lity
at 16.5
and 38.25
pg/g;
positive
at 38.25
and 19.125
IAg/mt
Negative
at 9.56
pg/mL

Inconclusive
evidence for
a positive
response

Inconclusive
evidence for
a positive
response

Aberrations observed
near limit of cell
surviva I; gaps
included in
%aberrant cells;
no. of aberratIons/
cell slightly lower
than Mitomycin C;
slides not coded

Aberrations observed,
near limit of animal
surviva1.
Gaps included in %
aberrants.
No positive control;
slides not coded.
Comments on both
studies: 1, limited
information on
methodology (i.e.,
staining procedures)
2, presumed reactive
dose was comparable
for in vivo and in
vitrostudies 
3, positive effects
noted near limit of
cell- and animal
survival.



TA8Ll 2. SUMMARY Of MUTAGlNICITY lESTING OF ALDRIN (Continued)

Article/Authors/Study Identification

B Mutagenicity studies involving
aldrin, endosulfan, dimethoate,
phosphamidon, carbaryl, and
ceresan/Usha Rani, H. V., Reddi, O.
S., Reddy, P. P./Bull. Environ.
Contam. Toxicol. 25:277-282, 1980.

Genetic
Endpoint

Chromosoma1
aberrations
(micronu -
cleated

poly
chromatic
erythrocytes)

Indicator
Organism

Swiss male
mice bone
marrow

Purity

Not
reported

Application

Six mice received
two equal oral doses
separated by a 24 hr
interva1 '

Dose
Range

13 mg/
kg

Response

Negative

Conclus ion

Unacceptable

Conment

Only one dose assayed;
no evidence of a cyto
toxic or toxic ef
fects; only one sam
pling interval; no
positive control
assayed.

9 Detection of chemical mutagens by
the dominant lethal assay in the
mouse/Epstein, S. S., Arnold, E.,
Andrea, J., Bass, W., Bishop;' Y./
Toxicol. Appl. Pharmacol. 23: 288
325, 1972.

Chromosoma1
breaks in
male ger
minal
Dominant
lethal assay

Mouse sper- Not
matogenesis reported
cycle (8 week
mating sequence)

A single ip dose
(7 males low dose
9 males high dose,
1 male mated to
3 females/week)

8 and
40 mg/
kg

Negative Negative
5/9 or 56% (Acceptable)
of males
died at
40 mg/kg;
At week 5:
1.2 increase
in early,
deaths/
female in
high dose

Increase was not
significant, and no
other, increases were
noted throughout
study; assayed up to
a toxic dose

Five consecutive
daily administrations
by gavage (10 males/
group; 1 male
mated to 3 females/
week)

0.5 and Negative: Results are
1 mg/kg/ 20% males uninter
day in 1.0 mg/ pretable

kg group
and 10% in
0.5 mg/kg
group
died;
At wk 2
in high
dose 1.0
early deaths/
pregnancy
Atwk 8:
decrease in
%pregnancy
at both doses;
1.5 increase
in early
deaths per
pregnancy and
100% pregnant
fema les with
early death
observed in 2
females at
the low dost>
only

As reported by
authors, increases

, were not significant
and these variances
occurred late in the
study (wk 8) and only
I n the low dose;
however, they did
not rule out dose
reversa I



TAStE 2. SUHHARr O,F HU1AGENICl1r lESTlHIG OF ALIl'RIN (ConltA'lI!d)

6!netlc
Article/Authors/Study Identlficatton Endpoint

Indicator
Organism Purtty A,ppl1catioA

Dose
Range Response ConclusloR Comllent

10 Chefllically ind!lced unscheduled DNA
synthesis in primary rat hepatocyte
cultures: Acomparison with bac
terial mutagenicity using 218 com
pounds/Probst, G. S., McMahon, R.
Eo, .Hill, L. L, Thompson, C. Z.,
Epp, J. K., Neal, S. D./Environ.
Mutagen. 3: 11-22, 1981.

DNA
repair
UOS

Primary
rat hepato
cytes:
Unscheduled
ONA Synthesis
(UDS)

Not
reported

Cells were ex.posed
for 5 and 18-20 hr
with tritiated thy
midine

8 doses Negative
ranging
from
0.5 to
1,000
nmoles/lIIL

Negative
(Acceptable)

The conc. scored was
100 nmoles/llIt, the
highest noncytotoxic
dose.

11 Effect of pesticides on scheduled
and unscheduled DNA synthesis of
rat thymocytes and human lympho
cytes/Rocchi, P., Perocco, P.,
Alberghini, W.• Fini, A., Prodi,
G./Arch. Toxicol: 45: 101-108,
1980.

)::»
I

CO

Scheduled
DNA
Synthesis
(SDS)

Unsched 
uled
DNA
Synthesis
(UDS)

Rat thymo
cytes

Human lympho
cytes

95% Preliminary Study: 10, Positive N/A Range-rlnding study to
Cells were exposed 100, inhibition determine that dose

-for 4 hrs with tri- and of SDS which inhibited syn-
trlated thymidine 1000 la, 35, thesis by 50%:

Jlg/rol and selected dose for UDS
96% at la, assay with human
100, and lymphocytes was
1000 Jlg/ml, 100 Jlg/IIlL
respectively

UDS Assay CeJls were 100Jlg/ Weak posi- Inconclusive Multiple doses should
exposed for 4 hr with IIlL tlve: evidence for have been assayed
hydroxyurea and tri- slight a genotoxic
tiated thymidine increase response

in UDS

Human lympho
cytes

Cells were irradiated 100Jlg/
with UV light, exposed mL
for 4 hr with hydro-
xyurea and tritiated
thymidine to measure
the effects of the
chemical on DHA repair
after UV
damage

Weak inter
ference
with DNA
repair

N/A Correlation between
interrereRce with DNA
repair and genotox
icity is not clear.



TABLl 2. SUMMARY Of HUIAGlNICIIY IlS11NG Of ALURIN (Continued)

Genetic
Article/Authors/Study Identification Endpoint

Indicator
Organism Purity Application

Dose
Range Response Conclusion COlllllent

12 Pesticide induced DNA damage and
its repair in cultured human cells/
Ahmed, F; l., Hart, R. W., Lewis,
N. J./Mutat. Res. 42: 161-174,
1977 .

DNA repair SV-40 trans- Not
(UDS) formed human reported

cells (VA-4)

ODS Assay Cells were 1, 10,
treated with tritiated 100
thymidine +/- S9 and
activation and exposed 1000 ~M

for 1, 3, 5, 8 and 12
hours

Positive
at all
doses
+/- S9
activation
(qua11
tathe
results)

Inconclusive;
presumpt Ive
positive

Ihe use of a trans
formed cell line is
not reco11l1lended
1he report i ng of
qualitative results
prohibits an accurate
assessment of the
data; assay is also
technically flawed.

13 Evaluation of the alkaline elution/ DNA
rat hepatocyte assay as a predictor damage
of carcinogenic/mutagenic potential (DNA strand
Sina, J. F., Bean, C. l., breakage)
Dysart, G. R., Taylor, V. I.,
Bradley, M. O./Mutat. Res. 113:
357-391, 19B3.

Rat
hepatocytes

Not
reported

Cells were
exposed for
3 hours.

0.03,
0.3
and
3rnH

Reported
positive
at cyto
toxic
doses

Inconclusive
evidence for
a positive
response

Noncarcinogens that
gave results similar
to aldrin (+ at
cytotoxic doses) were
class Hied as "fal se
positives" by the
authors

)::0
I - - - - - - - - -
\0

14 Cytogenic effect of some chloror
ganlc insecticides on mouse bone
marrow cell nuclei/Markaryan, D.
S./Genetlka 2(1): 132-137, 1966.

In vivo
. spindle
apparatus
inhibition

Anaphase
and early
telophase in
male mouse
bone marrow
cells

Not
reported

Single ip
administration
to 3 ma1e mice;
bone marrow
harvested 21 hr.
posttreatment

0.002
mg/g

Positive;
increase
in
nuclear
distur
bances;
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(probably high
incidence of
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to determine if
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observed at 4% of
LD50 (50 mg/kg)



2. Chromosomal Aberrations (Category 2):

Meristematicroot cells of Vicia faba were treated with 8
doses of aldrin ranging from 10~ 10,000 ppm (Article
No.5). Root samples were collected at varying times up to
310 minutes, stained, and scored for chromosomal aberrations
and cytological effects. The results from anaphase cells
collected 120 minutes following exposure to 100 ppm showed
increased mitotic inhibition, formation of pynotic nuclei,
premature chromosome condensation, and plasmolysis. The
authors stated that the cytotoxic effects were dose and time
related; however, there was no apparent increase in
chromosomal aberrations. We assess that aldrin was s'everely
cytotoxic but not clastogenic in this study.

Other Mutagenic Mechanisms (Category 3):

Nonactivated aldrin, at 20 . pg/disc, did not cause
preferential inhibition of Bacillus subti1is repair
defi ci ent M45, compared to the repair-competent H17 strain
(Article No.3).

One mg/mL aldrin did not increase the number of plasmid
breaks in ~. coli CoL E1 when compared to the control
(Article No.6).

B. Conclusion - Survey Data:

There was insufficient data presented in the survey studies to
draw unequi voca1 conc1us ions about the genotoxi c responses to
aldrin. However, the results suggest that aldrin did not cause
gene mutations or DNA damage in bacteria, or induce chromosomal
aberrations in plants.

III. STUDIES WITH PRIMARY DATA:

1. Gene Mutation (Category 1):

No studies were submitted for this category; therefore, a sig
nificant data gap exists.

2. Chromosomal Aberrations (Category 2):

a. Malmlalian Cells: Georgian (Article No. 1) exposed synchro
nized human peripheral blood cells to 19.125, 38.25 and 76.5
pg/mL aldrin. No cells survived the 22-hour treatment
with 38.25 and 76.5 pg/mL. At the lowest dose assayed,
which was reported as cytotoxic, there was a 20% increase in
chromosomal aberrations per cell as compared to the negative
control. No cells survived the two higher concentrations,
and a mammalian metabolic activation system was not employed
in this study.
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Our reviewers noted. however. that gaps were included in the
scored aberrations. and that only 84 cells were counted for
the 19.125 lJg/mL dose group, whereas 273 cells each were
scored for the negative and positive (Mitomycin C. 1 lJg/mL)
controls, respectively. The authors stated that the increase
in aberrations occurred near the limit of cell survival, and
that the observed chromosomal lesions are probably not
per.petuated in other abnormal cells. We assess that the
inclusion of gaps in the total aberration counts and the
increase in aberrant cells near the limit of cell survival
are insufficient evidence for a clastogenic response. The
study is, therefore. inconclusive for a positive response.

Georgian (Article No.7). also administered single ip
injections of 9.56. 19.125. 38.25. and 76.50ug/g aldrin to
five rats and mice" (sex not specified) per dose; bone marrow
ce 11 s were collected 24 hours 1ater. All mi ce and rats
receiving 76.50 lJ9/g and 50% of the 38.25 lJg/g dose
groups died. Although increased chromosomal aberrations
were reported in the 38.25 lJg/g group. only 26 cells were
scored for surviving rats and 30 for surviving mice.
Approximately 7- and 3-fold increases in chromosomal
aberrations per cell were reported for rats and mice.
respectively. exposed to 19.125 lJg/g aldrin. The results
for the lowest dose (9.56 lJg/g) were not reported; however.
the authors indicated that no chromosomal aberrations were
found. Hence. there were no quantitative data available to
be evaluated at the lowest dose. As noted for the in vitro
cytogenetic assay performed by Georgian. gaps were included
in th~ total number of aberrations. The author formed the
same conclusions about chromosomal aberrations near the
limit of survival. We assess that these data are deficient
in some details. and are insufficient for concluding that
aldrin is clastogenic in rodent bone marrow cells. The
study is. therefore. inconclusive for a positive response.

Usha et al. (Article No.8) performed a micronucleus assay
in mouse bone marrow using aldrin. Six male mice received
two equal oral administrations of aldrin (13 mg/kg total)
separated by 24-hour intervals. Six hours after the second
administration. animals were sacrificed by cervical
dislocation and bone marrow cells were stained. Two thousand
polychromatic erythrocytes (PCE) were scored for micronuclei
and the ratio of PCE to normochromatic erythrocytes (NeE)
was calculated. No toxic signs were reported and the ratio
of PCE:NCE was comparable to the control. No significant
increase in the frequency of micronuclei was observed. We
assess that the assay was technically flawed because. only one
dose was evaluated. no evidence of a cytotoxic or clinically
toxic effect was observed. at the single sampling interval.
and a positive control was not evaluated. We concluded that
the test material was not adequately investigated; therefore,
the study is unacceptable.
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b. Germinal Cells: Epstein et al. (Article No.9) investigated
the clastogenic effects of 172 chemicals in mouse dominant
lethal assays. Aldrin was administered to 7 or 9 male mice
using a single ip dose of a or 40·mg/kg, respectively; in a
second experiment, 10 male mice/group received an oral daily
dose of 0.5 or 1 mg/kg/day for 5 consecut; ve days. The
concurrent negative control group consisted of 10 males.
For both experiments, male mice were mated 1 male to 3
females for 8 weeks. In the acute assay 56% (5/9) of the
males died at the highest dose (40 mg/kg). A nonsignificant
increase (p >0.05) in early deaths/female was recorded at
week 5; no other increases in measured parameters were
noted; therefore, the study is acceptable.

In the subacute assay, 10% (1/10) and 20% (2/10) of the males
died in the 0.5 and 1.0 mg/kg dose groups, respectively.
The following nonsignificant changes were observed: at week
2, an increase in early deaths/pregnancy at the high dose;
at week 8, a decrease in percent pregnancy (both doses) and
increases in early fetal, deaths and percent pregnant females
with early deaths. The authors stated that since the
changes in dominant lethal parameters were not significant
and were generally noted at the low dose, the results did
not suggest a positive effect; they did not, however, rule
out the possibility of dose reversal. We concluded this
assay cannot be properly interpreted.

c. Conclusion for Chromosomal Aberrations: No conclusion can be
drawn from these 1!l vitro and in vivo somatic cytogenetic
assays with aldrin; therefore, a major data gap exists.

Based on the dominant lethal studies (Article No.9) aldrin
was not c1astogenic in the acute assay; however, the results
of the subacute assay cannot be properly interpreted.

3. Other Mutagenic Mechanisms (Category 3):

a. DNA Repair/Damage: Probst et al. (Article No. 10) tested 8
aldrin doses ranging from ,0.5 to 1000 nM/mL in an 1!l vitro
unscheduled DNA-synthesis (UDS) assay using primary rat
hepatocytes. Aldrin did not cause an increase in UDS at the
highest noncytotoxic dose (100 nM/mL). Although 100 nM/mL
was the only dose scored in this article, the study was
properly controlled, and is acceptable.

Rocchi et al. (Article No. 11) tested aldrin's action on
semiconservative DNA synthesis (SDS) to determine the 50%
inhibition dose with rat thymocytes. They assayed aldrin
for its potential to induce unscheduled DNA synthesis (UDS)
in human lymphocytes in the presence of hydroxyurea and

A-12



tritiated thymidine without metabolic activation. In
addition, they tested aldrin's ability to interfere with
human 1ymphocyte,repa i r' capabi 1ity fo 11 owi ng damage exerted
by ultraviolet (Uvy rays.

Based on the results of the inhibition of thymidine uptake
assay. aldrin caused a 50% inhibition in rat thymocytes at a
dose of 100 ~g/mL; this dose was used in the UOS assay
with human cells. Induced UDS ,repair effects were assessed
after calculations were made to eliminate the effect of SOS
inhibition. Aldrin induced an increase in UDS over the
control. Similarly, with human cells damaged by UV irradia
tion and dosed with aldrin (lOa ~g/mL), the chemical
slightly interfered with UDS repair. We assess that since'
the observed effects were noted at only one dose, the
evidence for a genotoxic response is inconclusive. There
fore. the assay should be repeated with multiple doses in
the presence and absence of metabolic activation.

Ahmed et ale (Article No. 12) evaluated aldrin at doses of
1. 10. lOa and 1000 lAM with or without S9 activation in a
UOS assay with SV-40 human (simian vi.rus) transformed cells
(VA-4). The authors reported only qualitative positive
responses at all nonactivated and S9-activated doses fol
lowing the 8-hour treatment. We assess that the reporting
of qualitative results prohibits an accurate assessment of
any dose-related response. In addition, the cells used in
this assay were not grown under reduced serum or arginine
deprivation conditions in conjunction with hydroxyurea to
insure blockage of, S,-phase synthes is. Severa 1 agents whi ch
are generally considered nongenotoxic or weakly genotoxic
(e.g., Diquat, 2,4-Dfluid, and carbaryl) induced strong
responses in this study. We discussed the findings of this
assay with Dr. Gregory Probst.J. Lilly Research Labs. He
concurred with our assessment and noted that cell s which may
have escaped hydroxyurea treatment could easily be misinter
preted as undergoing UOS synthesi s. thereby i ncreasi ng the
chances of a false positive.

In addition, the use, of a transformed cell line to assess
primary DNA damage does not conform with recomrnended 2

procedures. Which use non-transformed diploid human cells.

2

Mitchell, A. 0," Casciano, D. A., Meltz, M. L., RObinson; D. E., San, R.,
H. C., Williams, G. M., and Von Halle, E. S. Unsched,u ed DNA synthesis
tests, a report of the U.S. Environmental Protection Agency Gene-Tax
Program. Mutat. Res. 123( 1983): 363-410.
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We classify aldrin as an inconclusive presumptive genotoxin
for SV-40 transformed human cells. We recommend confirma
tion of these data in a rigorously controlled experiment
that conforms to the currently recommended protocols for UDS
assays with human cell lines.

Sina et al. (Article No. 13) evaluated the -DNA-damaging
activity of 91 chemicals. which included aldrin. 1n a
DNA-strand bl~eakage assay usi ng primari 1y rat hepatocytes.
Cells were exposed to three aldrin doses of 0.03. 0.3. and
3 mM for 3 hours. Cytotoxicity was measured 'either by
glutamate-oxaloacetate transaminase release or by trypan
blue exclusion. DNA strand breaks were analyzed by alkaline
elution. and the DNA content was determined fluorimetrically.

In contrast to the authors' criteria for a positive response.
(3-fold increase in elution rates at <30% toxicity). aldrin
was listed as positive. The authors reported a dose-related
increase in single strand breaks (SSB) at the two highest
doses; however. no activity was seen at the low dose. Based
on the authors' statement that trypan blue exclusion proved
to be a more reliable indicator of cell viability and a >30%
reduction in cell viability was indicative of a biologically
significant cytotoxic effect. we concluded from the data
that the two active doses were cytotoxic (4 and 62% viability
at 3 and 0.3 mM. respectively). Interestingly. several
nonmutagenslnoncarcinogens (cupric sulfate. phenanthrene.
toluene. and 2-nitrobiphenyl) elicited responses similar to
aldrin but were classified as "false positives." The
authors stated that "Each of these compounds. however.
caused SSB only when cytotoxicity was greater than 30%. DNA
damage produced by these compounds may. therefore. be
secondary to cell lysis."

We assess that the results for aldrin did not. provide
convincing evidence of a genotoxic effect.

b. Inhibition of Spindle Apparatus: Markaryan (Article No. 14)
studied the effects of aldrin on the bone marrow of male
mice. He reported that anaphase and early telophase
harvested cells in mice injected ip with 0.002 mglg showed
increased frequencies of "nuclear disturbances." total
chromosome rearrangements (chromosome and chromatid bridges
and fragments) and "adhesions." We discussed the findings
of thi s study with Or. James Ivett. 3 and concur with hi s
recommendation that the study is unacceptable for the
following re~sons:

1. The method used to prepare anaphase' and telophase plates
(slices of bone marrow stained with acetocarmine) tends

:I
Ivett. J. L•• Hazleton Biotechnologies. Vienna. VA (personal communica
tions. 4/86.
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to increase the number of artifacts, and lends itself to
a planer effect (causes chromosomes to be excluded from
a field being viewed); this makes the distinction between
true chromosomal rearrangements and ~rtifact difficult.

2. The number.of animals investigated (three male mice) is
probably not an inadequate sample population:

3. The inclusion of cytotoxic effects (vacuolation,
karyopycnosis, and karyolysis) in the total percent
nuclear disturbances suggests that the assayed dose,

. which was approximately 4% of the LDSO' was severely
cytotoxic.

4. The slides were not reported as being coded,

We concluded, therefore, that the results could not be
interpreted, and that these findings should be excluded from
the genetic assessment of aldrin.

c. Conclusions for Other Genetic Mechanisms:

Only one pUblished article (No. 10) in the category provided
convincing evidence that aldrin is not genotoxic; this was
the UDS assay using primary rathepatocytes.

Based on the inconclusive and unconfirmed findings of a UDS
assay with transformed human cells, aldrin is listed, with
reservations, as presumptively genotoxic in human cells. We
caution, however, that these findings are suspect and should
be confirmed. The additional UDS assay with human lympho
cytes or the DNA-strand break assay with primary rat
hepatocytes were equivocal and provided insufficient
evidence of a genotoxic response.

IV. OVERALL INTERPRETATION OF STUDY RESULTS AND RECOMMENDATIONS

1. Interpretation

The paucity of acceptable studies and the existence of major
gaps in the data (point mutation and cytogenetics) severely
hinders the development of a definitive genetic toxicology
profile for aldrin. However, since aldrin in readily converted
both .in. vivo and .in. vitro to dieldrin, the genetic toxicology
assessment prepared for dieldrin can be used to infer a genetic
activity profile for aldrin.

Although no published bacterial gene mutation assays with suffi
cient primary data were reviewed. the survey studies with ~.

typhimurium and .s.. coli indicate that aldrin is probably not
mutagenic in procaryotes. This finding is supported by the over
whelming conclusion of negative mutagenic effects for dieldrin.
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No mammalian gene mutation assays with aldrin were located; the
single mammalian cell point mutation assay of dieldrin showed an
inconclusive, unconfirmed mutagenic response. A major data gap,
therefore, exists for both compounds.

No conclusions could be drawn from the in vitro orin vivo
somatic cytogenetic assays with aldrin; therefore a major data
gap remains. However, aldrin was not clastogenic in an acute
dominant lethal assay in mouse germinal cells.

In agreement with both survey and acceptable DNA damage/repair
assays with dieldrin, aldrin was not genotoxic in bacteria,
yeast, or rat hepatocytes.

Nonactivated and S9-activated aldrin induced statistically
significant increases in UOS in SV-40 transformed (VA-4) human
fibroblasts. Dieldrin, also investigated in this study, caused
a similar response. However. the validity of this assay was
seriously compromised by numerous technical deficiencies, the
observation of strong positi ve responses by compounds generally
accepted as weakly genotoxic or nongenotoxic substances, and the
lack of positive controls.

2. Recommendations

Although no persuasive evidence of adverse genetic effects was
uncovered in the review of the available genetic toxicology
assay with aldrin, adequate tests are needed to assess the
following:

1. In vitro and in vivo gene mutation assays.

2. In vitro and in vivo chromosomal aberration assays.

3. In vitro UDS assays with SV-40 transformed (VA-4) cells and
non-transformed human cells.

In conclusion, we assess that the most useful information will
come from experiments on promotion activity, since interference
with cellular communication has been shown for dieldrin and
other related chlorinated hydrocarbons such as heptachlor and
chlordane. We therefore recommend ,these additional tests be
performed with aldrin:

1. In vitro metabolic cooperation and/or transformation with
promotion assay.

2. In vivo promoter activity assays.
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I. INTRODUCTION:

The purpose of this document is to summariZe the review findings from

published articles of in vitro and in vivo genetic toxicology assays

. conducted with dieldrin. Articles that evaluated dieldrin as part of

a screening assay and reported limited primary data are presented in

Table 1. Although survey articles had insufficient data to evaluate

assay acceptability, they offer useful information in the overall

genetic toxicology review of dieldrin.

Table 2 contains the review findings of published articles with

sufficient data to make an assessment of assay acceptability. The

results of all published articles reviewed on dieldrin are discussed

based on categories of genetic effect according to EPA Guidelines:

survey data from a gene mutation assays (Category 1) andG assays

that assessed other mutagenic mechanisms (Category 3); primary data

from 5 gene mutation assays (Category 1), 5 chromosomal aberration

assays (Category 2), and 8 assays classified as other mechanisms

(Category 3).

II. SURVEY STUDIES (Table 1):

A. Summary:

1. Gene Mutati~n (Category 1):

Dieldrin was reported negative in four survey articles

(Article Nos. 1, 2, 3, and 5) which reported plate incorpora

tion assays with strains of Salmonella typhimurium (TA1535,

TA1537, TA15313, TA98, or TA100) in the presence or absence of

rat S9 activati on; doses ranged from' 4 to 5000 pg/mL,

dependin~ on solubility' or ,toxicity. Similarly, dieldrin was

negative' in two spot tests (Article No. 4 and 7) with ~.

typhimurium strains TA9a and TA100 or TA1535, TA153G, TA1537,

and TA1538 without S9 activation, at doses of 0.05 and
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1 mg/disc (Article No.4) and at 20 pg/disc (Article
No.7). The chemical was also reported negative over a
l-10,000-fold concentration range using a concentration agar
gradient method (Article No.6) with ~. typhimurium strains
646, 03052, C3076, TA1535, TA1537, TA1538, TA9S, and TA100
with and without rat S9 activation.

Dieldrin was negative when assayed with Escherichia coli
strains WP2, WP2uvrA and/or WP2hcr (Article Nos. 3. 6, 7. and
8). The test chemical was assayed at levels up to 5000 pg/mL
+/- S9 activation in a plate incorporation assay (Article
No.3); over a 1-10,000 fold dose range in the concentration
agar gradient test +/-S9 activation (Article No.6), and
using the nonactivated spot test at 20 pg/disc and
1 mg/disc (Article Nos. 7 and 8).

2. Other Mutagenic Mechanisms (Categorv 3):

Dieldrin, assayed at levels up to 1000 pg/mL with or
without 59 activation, did not cause preferential inhibition
of ~. coli DNA repair-deficient WP67 or eMS71 in a micro
suspension assay (Article No.5). Similarly, nonactivated
20 pg/disc dieldrin was not genotoxic in Bacillus subtilis
DNA repair-deficient M45 (Article No.7). Dieldrin
(0.1 mg/mL) was assayed with g. coli cells which carry
plasmid El (Article No.9) to assess breakage in Col El
plasmid DNA. The chemical did not increase the number of
plasmid breaks relative to the negative control.

Dieldrin's ability to cause DNA damage in Chinese hamster V79
cells was assessed using the alkaline elution method (Article
No. 10). It was assayed at nine doses ranging from 0.001 to
10 mM with S9 activation, and reported as negative.
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The potential for dieldrin to affect DNA synthesis iR
testicular cells of male mice was examined in Article
No. 11. Mice were orally admini~tered a single dose of
50 mg/kg dieldrin. The authors reported that the chemical
inhibited DNA sYnthesis as assessed by a decrease in uptake
over the control in tritiated thymidine by testicular cells.
In another article inhibition of DNA synthesis by dieldrin
was also assessed in human HeLa cells but only in the
presence of S9 activation (Article No. 12). The authors

reported that dieldrin inhibited HeLa cell DNA-synthesis at

4 x 10-4 M, and that after the chemical was removed, the
rate of DNA synthesis continued to decline. The authors
suggested that the· continued depression of DNA synthesis

after removal of the chemici1 can be used to distinguish
between DNA-damaging chemicals and those that inhibit DNA
synthesis but do· not cause DNA damage. Although we agree

that the assay may distinguis~.nNA inhibition from DNA repair
synthesis, the lack of quantitative data for example on UDS

does not permit us to assess the validity of this assumption.

B. Conclusion:

The data presented in these survey articles were insufficient to
form unequivocal conclusions. However; the data collectively
suggest that dieldrin is not mutagenic nor does it cause DNA
damage in bacteria. Although dieldrin was shown to inhibit DNA
synthesis in mammalian cells, the distinction between cellular
toxicity and direct damage to DNA was not clearly established.

III. STUDIES WITH PRIMARY DATA (Table 2):

1. Gene Mutation (Category 1):

a. Bacteria:
No. 13)

In an acceptable study, Haworth et al. (Article
assayed dieldrin using a 20-minute preincubation
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plate incorporation method with ~. typhimurium strains
TA1535, TA1537, TA9S, and TA100 at dose levels of 33, 100,
333, 1000, and 3333 lAg/plate with and without rat or

hamster 59 activation. The chemical precipitated at the
three highest doses. Dieldrin did not cause an" increase in

the number of histidine revertants in any of the tester
strains, with or without rat or hamster 59 activation. The
positive controls demonstrated the sensitivity of the assay

to detect a mutagenic response.

In Article No. 14, Glatt et al. assayed dieldrin with ~.

typhimurium strains TA98, TA100 (+/- rat S9 activation),

TA1535, and TA1531 (-59 activation) at six doses ranging from

10 to 3000 lAg/plate. In addition, strain TA98 was dosed
with rat 59-activated dieldrin in the presence or absence of

the epoxide hydrolase inhibitor and glutathione depletor
l,l,l-trichloropropene 2,3-oxide (TCPO). Exposure was for 3

days at 31°C using the plate incorporation method. Precipita
tion was observed at the three highest doses (300, 1000, and

3000 lAg/plate). Dieldrin was negative in this study with

or without S9 activation whether TepO was present or absent.

The positive controls demonstrated the sensitivity of the
test to detect a mutagenic response. We assess that the

study was well designed, properly controlled, and that

dieldrin was assayed up to the limit of solubility; the study
is acceptable.

Marshall et al. (Article No. 15) assayed the chemical using

~. typhimurium strains TA1535, TA1536, TA1537, and TA1538 at

doses from 50 to 1000 lAg/plate, with or without rat 59

activation; cytotoxic levels were reported as >2500 lAg/plate

-S9 and >1000 lAg/plate +S9, but these data were not included

in the article. The authors reported that dieldrin did not

induce a mutagenic response. Although the more sensitive

strains~ TA98 and TA100 were not evaluated, we assess that
the study was properly controlled and is acceptable.
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Majumdar et al. (Article No. 16) tested dieldrin with ~.

typhimurium strains TA1535, TA9S, and TA100 using the plate

incorporation method. Cells were exposed to 1, 25, and

50 ~g/mL with or without S9 activation and scored at 72

hours. Cytotoxicity (decrease in the number of. revertants)

was reported at the hi ghest dose when compared to the two

lower doses. Dieldrin caused an increase in the number of

revertants in strains TA9S and TA100 either in the presence

or absence of mouse S9 activation, but only with S9 activation

in strain TA1535. The highest number of revertants was

induced at 25 ~g/mL; however, 1 ~g/mL also induced a

mutagenic response that was twofold or greater than the

so1vent controls. We assess, however, that a repeat assay

should be performed because positive controls were not

included; the background frequency of the TA9S solvent

controls was lower and the nonactivated solvent control for
~

TA1535 was higher than those pUblished by Ames et al.
Additionally the authors stated that the reduction in

revertants at 50 ~g/mL may have been due to cytotoxicity.

It is noteworthy that the results of 10 other Ames assays

with dieldrin, reviewed here, showed that the test material

was noncytotoxi c at doses up to 1000 ~g/p 1ate. The study

is, therefore, considered inconclusive, and dieldrin is

classified as a presumptive mutagen under mouse S9-activated

conditions.

b. Mammalian Cells: Ahmed et al. (Article No. 17) assayed

dieldrin for mutation at the ouabain locus in Chinese hamster

lung (V79) cells. Based on a preliminary cytotoxicity test

with dieldrin at doses ~100 ~M, a dose of 10 ~M was

chosen for the mutation assay. Nonactivated dieldrin caused

~

Ames, B. N., McCann, J., Yamasaki, E. "Methods for detecting carcinogens
and mutagens with the Salmonella/mammalian microsome mutagenicity test.
Mutat. Res. 31(1975): 347-364.
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an increase in the number of revertants with 77.8% survival.

However, the study was incomplete because exogenous metabolic
activation was not used. These data are needed to establish
whether metabolism has an effect on the test material1s
mutagenic potential.

Additionally. the study results are considered inconclusive
because:

1. Only a single dose of dieldrin was evaluated for
mutagenicity.

2. The presumptive mutagenic response was not confirmed in a
repeat assay at the concentration range expected to give
dose-response data.

3. Carbaryl and 2.4-0
shown by others
nonmutagens, were
responses.

fluid. which have been repeatedly
to be ei ther weak mutagens or
reported to give strong positive

4. No positive control was included to ensure an appropriate
level of sensitivity.

Although we assess that the study provides inconclusive
evidence for a positive response, nonactivated dieldrin is
classified as an unconfi rmed presumpti ve mutagen in Chi nese
hamster lung cells.

c. Conclusion for Gene Mutation (Category 1): Dieldrin was
tested in 4 different studies using the ~. typhimurium plate
incorporation assay. It was reported that dieldrin did not
induce a mutagenic response with or without rat 59 activation
in three acceptable studies (Article Nos. 13. 14. and 15).

However, in Article No. 10. it was reported that the number
of revertants increased with or without mouse 59 activation.
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The weight of evidence from both survey (Table 1) and primary

data (Table 2) indicates that dieldrin is not mutagenic in

bacteria in the presence or absence of rat S9. However, an

inconclusive presumptive positive response with or without

mouse S9 activation was observed in a single as·say. Hence,

we assess that it is unlikely that dieldrin causes gene

mutations in bacteria, unless a validated repeat assay using

mouse S9 can be submitted for review.

The presumptive mutagenicity of a single nonactivated dose of

dieldrin in Chinese hamster lung cells was not confirmed.

Hence the evidence that dieldrin causes gene mutations in

mammalian cells is inconclusive; the results of this study

should be confirmed in valid mammalian gene mutation assays.

2. Chromosomal Aberrations (Category 2):

a. Somatic Cells: Majumdar et al. (Article No. lB) exposed

cultured human lung cells (WI-3B) to nonactivated dieldrin at

1, la, and 30 ~g/mL. Dieldrin induced significant (p = <0.01)

dose-related increases in the number of chromosomal aberra

tions (chromatid breaks, fragments, chromosome interchanges,

and rings). at all doses. The authors also reported a decrease

in the mitotic index from B.O to 1.5% with increasing doses

of dieldrin compared to control (11.0) and the highest dose

tested resu lted ina ce 11 degeneration of 50% at 24 hrs. We

assess that the dose-related response indicates a clastogenic

effect. However, the assay should also be performed with S9

activation; therefore the study is inconclusive.

The same investigators administered single ip doses of 1, 30,

or 50 mg/kg of dieldrin to STS mice (sex not specified). Two

hours prior to the 24-hour sacrifice and bone marrow harvest,

the mice received an ip injection of colcemid. The chemical

caused an increase in chromosomal aberrations (chromatid
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breaks, fragments, chromosome interchanges, and rings). They

reported decreases in the mitotic index from 6.0 to 2.8% with
increasing doses of dieldrin compared to controls (l0.5).
Although this assay was performed with only one cell harvest
i nte rva 1 and without a pos it i ve cont ro 1 we asses s that the
dose-related response indicates a clastogenic effect;
therefore the study is acceptable.

Dean et al. (Article No. 19) administered single oral doses
of 30 or 60 mg/kg HEaD to ma 1e and fema 1e Chi nese hamsters
(oral LD

sO
' 120 mg/kg). At 1.5 hours prior to the 8- and

24-hour sacrifices, the mice received an ip dose of colcemid.
The authors reported that the test chemical did not cause an
increase in the number of chromosomal aberrations at the
8- or 24-hour intervals. However, since no clinical toxicity
or cytotoxic effects were reported, and no positive control

was used, this study is unacceptable.

The same investigators monitored the lymphocytes of workers
in a dieldrin manufacturing plant. They screened 17
presumably non-exposed controls, 9 former and 12 current
plant workers, and reported no differences in chromosomal
aberrations. Levels of dieldrin and/or other manufacturing
components were not reported.

b. Germinal Cells: To assess the chromosomal effects of HEaD on
male germinal cells, Dean et al. (Article No. 19) performed
two separate dominant lethal tests. In the first experiment,

8 male mice were administered single oral doses of HEaD at
12.5 or 25 mg/kg; the concurrent negative control group
consisted of 16 animals. Each male was mated to 3 females
per week for 8 weeks. The authors reported that there were
no differences in the number of early fetal deaths between
the dosed and the control groups; however, the pregnancy rate

was low for all groups, i.e., 65.1% in the controls and 65.9
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and 64.3% in the dosed groups. Fetal implantations were

statistically decreased at week 1 in the high-dose group and

at week 3 in the low-dose group. In addition, the authors

indicated that housing conditions may have been "s ubstandard"

(although these conditions were not detailed); -therefore, a

second experiment was performed. Ma 1e mi ce were dosed once

orally with 12.5. 25. or 50 mg/kg of HEOD and each male was

mated to 3 females per week for 5 weeks. The authors

reported that clinical toxicity was observed in the mid and

high doses. Under the presumably "improved" housing condi

tions. the pregnancy rate for the dosed groups was ~80.2%

compared to the controls (76.6%). There was no reduction in

the number of fetal implantations or increases in the number

of early fetal deaths compared to controls over the 5-week

mating period.

We assess that HEOD at the doses tested (12.5, 25, and

50 mg/kg) did not cause a clastogenic response in male

germinal cells over a 5-week period. Although it is recom

mended that the dominant lethal assay be performed over an

a-week period. we assess that the study is acceptable for all

stages of the spermatogenic cycle, except differentiating

spermatogonia and stem cells.

Epstein et al. (Article No. 20) evaluated the chromosomal

effects of dieldrin among 112 other chemicals tested on mouse

germinal cells in dominant lethal assays. Dieldrin was

administered to male mice as a single ip dose at 5.2 or

26 mg/kg in one experiment, and in a second experiment male

mice received oral daily doses of 2 or 3 mg/kg/day for 5

consecutive days. In both experiments male mice were mated,

1 male to 3 females per week for B weeks. The authors

reported, in both experiments. that dieldrin did not cause

significant differences in the number of fetal implantations

or total fetal deaths when compared to the control groups.
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We assessed that at the doses tested, dieldrin did not cause

any clastogenic effects in mouse germinal cells. Although no

cytotoxic responses were reported, the test chemical was

assayed at approximately the LD
50

which was 30 mg/kg; 1/9

deaths occurred at 26 mg/kg, the highest dose tested. The

study is acceptable.

c. Conclusion for Chromosomal Aberrations: In single uncon-

fi rmed tests dieldrin was reported to induce chromosomal
aberrations in human lung cell cultures (WI-38) and mouse

bone marrow ce 11 s . HEOD (99%) did not cause chromosomal

aberrations in hamster bone marrow; however, there was no

evidence of cytotoxicity; therefore, the study was not

acceptable. Neither dieldrin nor HEOD induced chromosomal

breaks in mouse germinal cells in two dominant lethal studies.
Based on this evidence dieldrin may be considered presump

tively clastogenic in somatic mammalian cells, requiring

confirmation in adequately controlled repeat experiments.

3. Other Mutagenic Mechanism (Category 3):

a. DNA Damage/Repair: Dean et ala (Article No. 19) examined

HEaD in six independent host-mediated assays in which

Saccharomyces cerevisiae strain 04 was scored for mitotic

gene conversion. In assays 1-3 male mice were dosed once

orally at 25 and 50 mg/kg" and inoculated ip with yeast

cells. In assays 4-6, male mice were dosed orally at 5 or

10 mg/kg/day for 5 consecutive days, and on day 5 mice were

inoculated ip with yeast cells. All animals were sacrificed

5 hours after inoculation. No toxic or cytotoxic effects

were observed in the acute phase of the host mediated assays;
however, in a concurrent dominant lethal assay, evidence of

chemical intoxication was observed following the acute

administration of 50 mg/kg HEaD. In the subacute assays

anima1s recei vi ng the chemi ca 1 at 10 mg/kg/day x 5
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were lethargic throughout the dosing intervals. The chemical
did not cause an increase in the numbers of ~. cerevisiae

adenine or tryptophan convertants relative to the controls at

any dose 1eve1 in either experiment. We assess, therefore,

that HEOD was evaluated at the appropriate doses. in properly

controlled host mediated assays; the study is acceptable.

Probst et al. (Article No. 21) tested dieldrin in an

unschedu1 ed ONA-synthes is (UOS) assay with primary rat

hepatocytes at 8 doses ranging from 0.5 to 1000 nM/mL.

Dieldrin did not cause an increase in UOS at the highest

noncytotoxic dose (500 nM/m1) scored. The study was properly

controlled, and is acceptable.

In another UOS assay, Klauning et a1. (Article No. 22)

assessed the DNA damaging potential of dieldrin in mouse
-4 -5 -6

hepatocytes at concentrations of 10 , 10 , and 10 M.
No increase in net grains/nucleus was reported. Phenobarbital
pretreated mouse hepatocytes exposed to comparable doses of

dieldrin also showed no increases in net grains/nucleus. The
study was properly controlled and is acceptable.

Rocchi et a1. (Article No. 23) tested dieldrin's action on

semiconservative DNA synthesis (SOS) to determine the 50%
inhibition dose with rat thymocytes. They assayed aldrin for

its potential to induce unscheduled DNA synthesis (UDS) in

human 1ymphocytes in the presence of hyd roxyurea and

tritiated thymidine without metabolic activation. In

addition, they tested aldrin's ability to interfere with

human 1ymphocyte repair capabi 1i ty fo 11 owi ng damage exerted

by ultraviolet (UV) rays.

Based on the results of the inhibition of thymidine uptake

assay, dieldrin caused a 50% inhibition in rat thymocytes at
a dose of 100 }Jg/mL; the dose was used in the UDS assay
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with human cells. Induced UDS repair effects were assessed

after calculations were made to eliminate the effect of SOS

inhibition. Dieldrin induced an increase in UOS over the

control. Similarly, with human cells damaged by UV irradia

tion and dosed with dieldrin (100 lIg/mL), the chemical

slightly interfered with UDS repair. We assess that since

the observed effects were noted at only one dose, the

evidence for a genotoxic response is inconclusive; there

fore, the assay should be repeated with multiple doses in the

presence and absence of metabolic activation.

Ahmed et al. (Article No. 24) evaluated S9 activated and

nonactivated dieldrin at doses of 1, 10, and 100 liM in a

UDS assay using SV-40 (virus-transformed) human cells (VA-4).

The authors reported a significant (p=<0.05) net increase in

UOS at 1 liM, (12.5:tl.8 grains/nucleus) versus the control

(3.5:t0.9 grains/nucleus). However, the results for the

mid- and high-doses were reported only as qualitative (r)

positive responses with or without S9 activation after 8

hours of exposure. The lack of primary data for the mid- and

high-dose prohibits an assessment of any dose-related

response.

The cells used in this assay were not grown under reduced

serum or arginine deprivation conditions in conjunction with

hydroxyurea to insure blockage of S-phase synthesis. Several

agents whi ch are genera lly cons idered nongenotoxi c or weakly

genotoxic (e.g., Diquat 2,4-0 fluid, and carbaryl) induced

strong responses in this stUdy. We discussed the findings of
J.

this assay with Dr. Gregory Probst, Lilly Research Labs.

1

Probst, G. S., Lilly Research Labs., Greenfield, IN, personal communica
tions 4/86.
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He concurred with our assessment and noted that cells which

may have escaped hydroxyurea treatment could easi ly be mis

interpreted as undergoing UDS synthesis, thereby increasing

the chances of a false positive.

In addition the use of a transformed cell line to assess
2

primary DNA damage does not conform wi th recommended

procedures, which use non-transformed diploid human cells.

We classify dieldrin as an inconclusive presumptive genotoxin

in SV-40 transformed human cells. We recommend confirmation

of these data in a rigorously controlled experiment that

conforms to the currently recommended protocols for UDS

assays with human cell lines.

Ahmed et a1. (Article No. 24) also assessed dieldrin's

potential to cause DNA strand break.age in VA-4 cells using

photolysis of BrdU at a wavelength of 313 nm light. The

authors reported that the test material increased the number

of strand breaks/10
8

Daltons at the 100 ~M dose. Since

the control data were not reported, and the use of a

transformed cell line was employed, we assess the results to

be inconclusive evidence for a positive response.

b. Inhibition of Spindle Apparatus:

Mark.aryan (Article No. 25) studied the effects of dieldrin on

bone marrow cells of male mice. He reported that anaphase

and early telophase harvested cells in mice injected ip with

:2

Mitchell, A. D., Casciano, D. A., Meltz, M. L., Robinson, D. E., San, R.
H. C., Williams, G. M., and Von Halle, E. S. Unscheduled DNA synthesis
tests, a report of the U.S. Environmental Projection Agency Gene-Tox
Program. Mutat. Res. 123(1983): 363-410.
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0.0012 mg/g dieldrin had increased frequencies of "nuclear

disturbance." total chromosome rearrangements (chromosome and

chromatid bridges. and fragments). and "adhesions." We dis-
3

cussed the findings of this study with Dr. James Ivett,

and concur with his recommendation that the study is

unacceptable for the following reasons:

1. The method used to prepare anaphase and telophase plates

(slices of bone marrow stained with acetocarmine) may
cause an increase in the number of artifacts, and lends
itself to a planer effect (complete chromosomal displays

are not visible in all viewing fields). This makes the

distinction between true chromosomal rearrangements and

artifact difficult.

2. The number of animals investigated (three male mice) do

not represent a sufficient sample population.

3. The inclusion of cytotoxic effects (vacuolation. karyo

pycnosis. and karyolysis) in the total percent nuclear

disturbances suggests that the assay dose (approximately

4% of the LD SO ) was severely cytotoxic.

4. The slides were not reported as being coded.

We concluded, therefore, that the results are unacceptable

because they cannot be interpreted, and that these findings

should not be included in the genetic assessment of dieldrin.

3

Ivett. J. L.. Hazleton Biotechnologies. Vienna, VA (personal communica
tions). 4/86.
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c. Conclusion for Other Mutagenic Mechanisms (Category 3):

Published articles that evaluated the potential of dieldrin
to interact with and damage DNA provided evidence that ~he

chemical appears not to be genotoxic in yeast, or in rat or
mouse primary hepatocyte cultures. Based on the inconclusive
and unconfirmed findings of a UDS assay with transformed
human cells, dieldrin is listed, with reservations, as

presumptively genotoxic in human cells. We caution, however,
that these findings are suspect and should be confirmed. The

results of the spi ndl e mechani sms/i nhi bition assay performed
with dieldrin could not be interpreted.

4. Epigenetic Effects:

Wade et al. (Article No. 26) reported a new technique to measure
cell-to-cell communication, which they termed, "gap fluorescence
redistribution after photobleaching" (FRAP). To support the
ability of this method to measure interference with gap junction
communication, the investigators included a known tumor promoter,
l2-0-tetradecanoylphorbol-13-acetate (TPA), a nontumorigenic
phorbol ester, 4-phorbol-12,13-didecanoate (4PD), and the
pesticide, dieldrin.

Cultured human teratocarcinoma cells were labeled with 6-carboxy

fluorescein diacetate and exposed to 7 ~g/mL of dieldrin (a
reported noncytotoxic dose). Pairs of contacting cells were
selected and one of each pair was photobleached (dye was photo
chemically destroyed) by an argon ion laser beam (ACAS 470
laser/imaging). Transfer or redistribution of the dye from the

unbleached cell to the bleached cell was measured over time using
a series of image scans.
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-Dieldrin blocked the fluorescence recovery of photobleached
cells. Fifteen minutes after bleaching the fluorescence
intensity of dieldrin-treated photobleached cells was =1000
units. compared to the control (=14.000) units. It was
reported; however. data were not included in article that the

tumor promoter. TPA. also blocked fluorescence recovery in

exposed cell cultures. and the authors stated that inhibition of

transport by TPA may be related to its tumorigenicity. In
contrast. the nontumorigenic phorbol ester. 4PD. did not block
transport; again however. the 4PD data were not included.

Although this is a new technique that has not been fully
validated. we assess these preliminary results indicate that
dieldrin can inhibit junctional conmunication in cultured
manma 1ian ce 11 s .

IV. OVERALL INTERPRETATION OF RESULTS AND RECOMMENDATIONS:

1. Interpretation:

The published articles reviewed are not considered sufficient to

establish a complete genetic toxicology profile for dieldrin.
However. certain consistencies emerge which allow us to make
reasonable interpretations and to reconmend further studies which
might generate useful data.

Dieldrin was adequately tested in three acceptable Ames assays

with sufficient primary data to conclude that nonactivated and
rat or hamster S9-activated dieldrin is not mutagenic in ~.

typhimurium. The results of the seven survey Ames tests with
dieldrin support this conclusion. However. based on the
inconclusive results of a single Ames test. dieldrin. in the
presence of mouse S9 activation. is considered presumptively

mutagenic in Salmonella. We caution. however. that this finding
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has not been confirmed and technical deficiencies preclude
acceptance of the results as valid.

The three ~. coli reverse mutation survey studies with dieldrin

further support the conclusion that the chemical is not mutagenic
in procaryotes.

In the single published mammalian gene mutation assay, non
activated dieldrin induced an inconclusive, mutagenic response in

Chinese hamster V79 cells. The validity of this assay was
seriously compromised because of technical deficiencies, reporting
of "positive" responses with compounds that have been previously
reported as either weakly mutagenic or not mutagenic, and the
lack of a positive control. Although we classified dieldrin as
an unconfi rmed presumpti ve pos iti ve mutagen for Chi nese hamster

V79 cells, we have serious reservations about the validity of the
study and recommend that these results be verified in a complete
assay, i.e., three or more noncytotoxic doses, with and without
metabolic activation, and with known mutagens as positive
controls.

Although the majority of doses assayed were cytotoxic, dieldrin

elicited dose-related c1astogenic responses in both cultured
human lung and mouse bone marrow cells. Dieldrin, therefore, may
be considered weakly c1astogenic in mammalian somatic cells.

By contrast, dieldrin administered by gavage or ip proved to be
nonc1astogenic in male germinal cells; HEOD, a major component of
dieldrin, was also negative in male germinal cells.

Survey repair studies indicated that dieldrin does not induce

primary DNA damage in bacteri a. Data from studi es with
sufficient primary data to draw meaningful conclusions also

indicated that dieldrin was not genotoxic in yeast or primary rat
and mouse hepatocytes.
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However. both S9-activated and nonactivated dieldrin induced a

statistically significant increase in UDS in SV-40 transformed

human fibroblasts. The validity of this assay is questionable

because of numerous technical deficiencies. the reporting of

strong IIpOS it i veil responses by weakly genotoxi c or nongenotoxi c

substances. and the lack of acknowledged positive controls.

It is noteworthy that all assays reporting that dieldrin adversely

affects genetic material were either flawed by inadequate study

designs (Article Nos. 10. 17, and 26) or showed the greatest

activity at cytotoxic doses (Article No. 18).

In a promising new technique, Wade et al. tested dieldrin against

the known tumor promoter TPA to demonstrate the effectiveness of

the FRAP technology to detect interference with cellular

communication. We assess that their results suggest that

dieldrin may act by an epigenetic mechanism possessing

promotional activity.

2. Recommendations:

Although the evidence from the majority of available published

arti c1es with procaryoti c gene mutati on assays shows that

dieldrin does not induce gene mutations, its mutagenic potential

for ~. typhimurium with or without mouse S9-activation has not

been fully investigated. Likewise, mutations of Chinese hamster

V79 cells to ouabain resistance with or without mouse 59 should

be validated. A reassessment of UD5 using human diploid cell

lines in a well controlled experiment would also be useful in

completing information which, at present, constitutes a data gap.

We assess that the most useful information, however, will come

from experiments on promotion activity. Wade et al. demonstrated

that dieldrin may interfere with intercellular communication.
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The following tests are recommended to confirm the potential
promotional activity of the test material:

1. In vitro transformation with promotional assay

2. In vivo promoting activity assay

3. In vitro UOS assays with SV-40 (Simian virus) transformed
cells (VA-4) and non-transformed human cells.
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